Figure 1. Cryo-EM Density Maps
(A) Cryo-EM reconstruction of the E. coli core RNAP/GreB complex and fit of the Taq core RNAP X-ray structure. Density corresponding to a single complex was extracted from the helical reconstruction and contoured at 1.1 (transparent surface). The Taq core RNAP X-ray structure, flexibly fit to the cryo-EM density (Darst et al., 2002; Wriggers and Chacon, 2001) , is shown as an ␣ carbon backbone worm (␤ subunit, cyan; ␤Ј, pink, except the ␤Ј-bridging helix is magenta; active site Mg 2ϩ , magenta sphere). Cryo-EM density corresponding to the crystal structure is blue, while density not accounted for by the RNAP structure is colored and labeled as follows: Yellow densities ␤DR1 and ␤DR2 correspond to large insertions present in E. coli but missing in Taq aquaticus (Taq) core RNAP, allowing interpretation of Previously, comparison of the RNAP crystal structure and the 15 Å reconstruction of E. coli core RNAP alone the cryo-EM map in terms of the high-resolution structure. Here, we present a 15 Å resolution helical recon- (Darst et al., 2002 ) required an alignment procedure based on difference mapping combined with rigid body struction of the E. coli core RNAP/GreB complex that allows fitting of high-resolution RNAP and GreB strucand flexible fitting (allowing conformational changes between domains of the X-ray structure). A very large tures. The model of the complex reveals a remarkable binding mode for GreB; the globular CTD binds RNAP conformational change of the Taq RNAP structure, corresponding mainly to opening of the clamp domain (Fu at the edge of the active site channel (as observed previously from an analysis in negative stain; Polyakov et et al., 1999) to widen the main active site channel by nearly 25 Å , was required to fit the E. coli cryo-EM map. al., 1998), while the N-terminal coiled-coil domain extends 45 Å into a channel directly to the RNAP active A similar conformation of the RNAP was observed here, but the flexible fitting procedure was performed anew site. Analysis of the model leads us to propose a detailed mechanism for Gre factor activity that explains a wide because of differences in the disposition of RNAP domains, particularly the clamp (see Supplemental Data range of experimental observations. The results point to a key role for conserved acidic residues at the tip of availabe on website). The resulting fit between the cryo-EM map and the "flexed" Taq core RNAP structure the Gre factor coiled coil in modifying the RNAP active site to catalyze the transcript cleavage reaction, and showed excellent correspondence of structural features, except that three significant densities were not mutational studies confirm that these positions are critical for Gre factor function.
accounted for by the X-ray structure (labeled ␤DR1, ␤DR2, and GreB; Figure 1A Figure 1A ). (Table 1 ; Figure 4A ). In the TEC/GreB complex, although the GreB N-terminal coiled coil extends from outside the RNAP active Moving toward the RNAP active site, one face of the GreB coiled coil interacts with nonconserved residues site channel into the active site via the secondary channel, it does not block the secondary channel (Figure 2) .
of ␤Ј lining the secondary channel. Finally, the coiled- Figure 4) . lutely conserved residues in the RNAP active site in Figure 4B . In a sequence alignment of all available GreA/B sequences (56 GreA and 10 GreB sequences, Figure 4C 
